Pion production from heavy-ion collisions is calculated in the independent-particle model, using nucleonnucleon cross section data as input information. The assumption is made that only the first collision of a nucleon pair can create a pion, and also all collective effects are neglected. For the representative case of "0 bombardment of '"U at 250 MeV/nucleon, one out of seven inelastic collisions should produce a pion. Onethird of these pions should be able to escape to the outside. The pion spectrum peaks at 20 MeV with an average energy of 50 MeV, viewed in the nucleon-nucleon center-of-mass frame.
I. INTRODUCTION
The energy range 100-300 MeV/nucleon in heavy-ion collisions is interesting because while the energy is high enough to allow strong interpenetration of the nuclei, with a density increase of a factor of 2, it is still low enough that collective effects associated with the higher density might have a chance to manifest themselves. As it happens, this energy region encompasses the threshold for significant pion production. Qf the observable effects that can be easily measured, the pion production cross section at threshold is particularly sensitive to collective phenomena. The purpose of this paper, however, is to calculate the pion production with the most economical theoretical assumptions and, in particular, with no collective effects at all. This model could provide a baseline for theoretical discussions of experiments: Discrepancies by orders of magnitude one way or the other would provide an indication of various possible collective effects.
Qur picture of the threshold production is that the Fermi momentum of the two nuclei combine to permit pion-producing nucleon-nucleon collisions. However, the initial distribution of nucleons in momentum space rapidly degrades to a thermal distribution, which is much less favorable for producing pions. The (10) This overlap is quite substantial: Pion production should sample a dense nuclear interior.
To make a concrete example, let us consider the collision of i60 on U. Considering each of these nuclei to be a sphere uniformly filled to a density 0.16, the radii are Bp=2.9 and RU=7. 1 fm. The area of the collision we take to be the area of overlap of the two nuclei, viewed along the collision axis. The formula (9) will then be an overestimate, because the oxygen nucleus is thinner on the edges than the 4 fm required to required to reach mean penetration for pion production. Averaging the area over impact parameters,
This may be integrated over space to obtain the production rate per unit area, we determine an average area per inelastic collision to be 13 fm'. Replacing the sharp-edged distribution by a realistic diffuse distribution would increase the inelastic cross section by 20%%uo, according to unpublished calculations of Dover and =v'to, p, 'exp(-vto "p,). where A is the collisional area. This simple formula can be understood as follows: The number of pions produced is the product of the probability of an individual nucleon producing a pion, o'/a ", multiplied by the number of nucleons which can make an initial collision, A/o' N. 
